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It is a great honor and pleasure to be invited to give one of the public 

lectures in your engineering lecture series. This lecture wil l  riot be a tech- 

nical paper in the usual sense and has none of the usual appurteuances of 

such papers. It is in part an attempt to interpret the aims, goals, and effects 

in human affairs of one field of development in aeronautical engineering; in 

part as. attempt to  give you a nodding acquaintance with some of tile current 

technical problems in that field. 

Last week while I was  standing with a group of aeronautical engineers 

on the l a ~ n  of the Inn at Williamsburg, Virginia, there was heard that new and 

never-to-be-forgotten sound, the high pitched swish of a jet-propelled aircraft 

somewhere in the sky. Everyone began to use  their riatural sound locators, 

turning the head back and forth to obtain equal intensity of sound in the two 

ears and looking straight ahead to locate the source, hut no airplane was  to 

be sees. Then a wiser and more experienced operator called out 16-5jou have 

to look ahead of the sound” and sure enough by looking a considerable distance 

ahead of the apparent origin of the sound, the airplane was readily located. 

The jet  airplane travels at such a. large fraef.iori of 1i;e :.:.p~ed of soxd that i~ :  
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the time required dor the soucd to travc! the d is tmce  f rom the airplane tc the 

observer, the airplane has Mnomd a comparable distance along its path. 

In London daring the last  war the i-ahabitmts were harassed by two types 

of distinctive missiles. The buzz-bomb traveling much  slower than the speed of 

sound telegraphed its coming long Lq advance, holding i ts  victims in terrifying 

suspense. The V-2 rocket traveling several times faster than sound was more 

merciful. No warning sound was propagated and the victims never h e w  what 

happened. The survivors saw the explosion and ordy afterwaxd heard the noise 

arising at successive points along the path in reverse order, much like a phono- 

graph record played backwards. 

These ,I;urnaar exsperlexces ,have broq$if, into our daily speech a familiar - 
ity with the use of the speed of sound as a measure of comparison for t h e  speeds 

of aircraft and missiles and with the new words coined by scientists, sonic speed 

for a speed equal to that sf sound; subsozic speed €or speeds less than that of 

sour.d; supersonic speed for speeds greater than that of sound; transonic speed 

for speeds just  below and above the speed of sowd especially for objects which 

pass through the speed of sound in theSr travel;  and Mach cumber, the ratio of 

the speed of the aircraft or missile to  the speed of sowd.  

The scieutist uses the sonic spced as his  measure not because of !he 

difference in. travel of sound to an observer, previcusly described, but because 

he finds by experiment that the laws of air flow are greatly different for  sub- 



plane. After- sboolhg clio.i;rn the Gc: ~ ? a  ", plane, Le $tempted t o  pull back ori the 

control stick l o  level out f r o m  the d f ~ i e ,  Rut the  stick resisted and seemed held 

in a vice. Wit12 all his strength be siruggled, but the airplzne continued down- 

ward at high speed. As he was rexIy* to abando::  hip the elevator s u d d e d y  took 

hold and the plane eusved out of the d've with high acceleration. This new and 

bafflhg experience arose from the fact that the speed of the airplane was reach- 

ing a speed at which the zdr was flowSng locally over parts of t h e  wings and tail 

at speeds fasff-;~ thm sound a.lthsry:i? tke airp1aY.e jtse1.f was traveling at only 

three-quarters the speed of sound. 

Why did the airplane recover at all? The explanation %s that the speed 

of sound changes as the temperature of the air changes. Near the grrosInd in the 

warm air at sea level it bs about 760 miles per hour. In the upper atmosphere 

where the temperature i s  about - P S ~ O  9". the spend of sound is only 660 miles 

per hour. Thus as the airplace dlved, its speed, decreasing slowly became of 

the increasing density oi t h e  air, became smaller ic cornparwon with the speed 

of sound and the adversc effects d4mppeared.  

The great task coni~cntrsig the NACA, tniversity, ivdustriai, azid other 
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at these speeds,  Many exs'stfsg ziscraf? can ecter the transonkc; region, a t  least 

in dives For security reasovas I do ~ o t -  expect, to tell you exactly the limits of 

speed which have heen. reached mder  various eondi t iax.  I can state that we are 

at the dawn of the superso& age in the smse that many aircraft now flykg,Rravel 

at suck high speeds that the air flows locally past their wings at speeds faster 

than somd and that it is only a matter of time before sustained horizontal super- 

sonfx flight of piloted airerdt will be 2 commonplace event, as the-dawn is super- 

seded by the fu l l  sunlight of the oncomixg day. I am on record as havkg predicted 

last fall. that the sunrise of the new age vdlB occur before the egd of the calendar 

Y ewspayez m C I b  say ;as ah cady oc;curred. In the present 

htemafiornal climate 1 predict a cloudy sunrise and there will be some d3ficulty 

has f~ OM the begimhg bee2 very great Aisplamn of ever i ce reashg  pesform- 

a n w  Lave served our ci~dilkatio~~ useiu!ly. At first flying w a s  the hazardous 
c 

oeeupat%os~ of a few men who capitalized on the danger to extestah a d  to thrill 

the ,ma:i,y by aerial circuses acd ra.ces Some more far-seekg pilots began t0 

in aerial photography , crop 

dilsthg, tile ca,rry%g of ma%], passengers, a ~ d  freight. These peacetime useful 

servkes of avmAioz have grown to fnrge size and aircraft are hdbspensabk to 
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levcl- rno-ioph-re, of the c o w l ~ g  of the aircooled ezgknes, of the re- 

eractabh? lapd 

Perhaps you 1 ; z - b ~  5 e m  titi-.. flow of smok.e or water arormd objects of various 

shapes and are f;,infEas wit 11 the concept of a streamline body as a body which 

n7oves tbxough :he air. or water leaving behind it the least possible disturbance. 

g gear, a,Y greatly reduc,icg the drag avid increasing the  speed, 

You know that your automobile or a train is not really a good streamline body 

because of the cloud of dust and debris stirred up by its passage. Although 

the deve1opnie.i of streamlined aircraft has been carried to  a high point even 

to the removal of rivet heads on the exterior surface, and the principle h2s 

been in past applied to  automobiles and trains,  sure ly  the more important b- 

ftuer,,ee has bee-. an t he  i9teAleetual ayd spiritual lives of men. And by that I 

do not refer par?feulnlasly to the rather facetious aF-d frivolous application of 

the adjective 6dstream1Lx?J" in advertisiag to furnaxes, washing machhes, 

Elat irozs, w0me9~s sr lockgs,  rne3'5 s h i ~ t s ,  av.d the female figure, but. to the 

nzore solid a rd  meanfng-ful eozcept of t h a t  harmoay with the physical h v ~ s  of 

the  universe wMch enables us  to  live with a minBmum of useless effort and 

d i s t w b ~ ~ e e ,  Tb.e s t reamlhixg of office procedures, of the  Committees of 

Cm;gress, of ~pcc$f%catio-is for materials, of college curricula; -- all such 

cawep!s grew Q U ~  of this impact of the aeroxlautical engineering development 

of an aircraft. which traveled through the air with a minj.mum of disturbance, 

wi!.h each par:. functional alrd opet-atlrig at peak efficiency. I have heard also 

r g  the h w k  so that 11 m a y  more readi ly  t bureaus of streainli 
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be passed from w e  olfice to  arcother Eut surely snore fmpmtant than all of these 

g of o x " s  life s o  that we may proceed with a minimum of frlrr- 

taw with our ncighbars, w?h our encrgics appljed to the task of reachicg our goals 

swrftly. 

12 s!mil&r fashioaa I assert that. the supessox~ic age will profow~dly affect 

the lives of ail% of yoti, physicalby, mealtally, a2d spiritually arid hence you should 

become familiar at this early date with this oncomhg technical development 

Let ars look at some of the techical profrlems to be solved in the  develop- 

ment of supersonic piloted aircraft. h gereral terims the problems arise from 

the raclkal changes In the aerodynamic relationships at speeds faster than sound 

ab curnpa-ed wi!h those pl: evallcg at speeds skwer than sound, A reasomhly 

satisfactory design could ROW be made to operate at any one value of the speed, 

subsonic or  supersonictif the t r a~son ic  region of mixed flow is avoided. How- 

ever, any practical a i s p h e  must be able to take off and land and hence must be 

able to fly satisfactorily in both the subsosic and supersonic regimes and also 

d u r k g  the passage thx ough the transonic region, 13 fact, it would be desirable 

to  be able to f ly  steadily in She traaasonjx region as well. 

. The first problem is that o€ provrldhg a. powerpfarLt of sdficiewtly high 

thzust t e  ovsrcmne the drag OF resistance 'lo clotdon at supersonic s p e ~ d s ,  

~ a ~ w t i c ~ a ~ ~ s  many years ago  foam^ that the resistance' to motion of a projectile 
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expcrimects it- which I had some part showed that the drag coefficient of an air- 

plane w h g  ~ncrc ised  s;zdSe~ly many fold and the lift coefficient decreased very 

greatly in the Cr ;?.:,:so;dc region, These f3iidi.ngs have repeatedly been cordirrned. 

Tbe  deveIoprarent of jet and rocket proptilsion has  now given u s  powerplants of 

large thrust iu a relatively small packrzge. There are three types of jet power- 

plmts  available QT under developniezt; the turbo-jet, the rani-jet, and the rocket, 

each producing thrus t  as the result of squirting a hot jet of air to  the r e a r .  Any 

boy who has blcwx up a toy ballom ax?d let fheseape from his hands has observed 

jet propulsion aEd therefore can mderstand it, As a matter of fact, the conven- 

tdon.al airplane propeller operates by producing a jet. Ln the newer engines heat 

-t 

is used to,psodwe the jet The rocket carries both fuel and oxygen, Le., all the 

elements required for a chemical reaction to produce heat, trensform the fuel 

a i d  oxldavat to hot gas, and eject the products of combustion. It therefore can 

operate ir~ywherc, mder  water, in the air or outside the earth’s atmosphere, 

Turbo-jet and ram-jet engines get their oxygen from the atmosphere, 

as does the eonventioaal reciprocati,rhg engine. The turbo-jet uses a mechanical 

compressor to compress the air and a turbine to drive the compressor, Xn the 

ran-jet c o m p ~ e s s i o ~  is produced by the rapid motion of the vehicle; hence a 

ram-jet  propcdled vehicle must be brought to  a high speed by other xneans. for 

example, boaster sockets. 

, 

The nev powerplants give a great deal of power per pound of weight and 
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his book Gray give.; the fo l low?~g  figures act a s p e d  of 750 miles per. hour for  

certain powerplaqt Rockar 53.9 horsc per p.?'7;Lfid; ram-vjct Gag horse- 

power per p s w d ;  turbo-jet 3 5 1~0rsep:r-~-~-  per  pc;~ $51 IIowevcr, at the same 

speed thr3 rocket burns 8.3 p w.ds o€ %EZLI per hosscpcmer hour; the ram-jet 

2,8; the turbo-jet 1,O The se!xtive m e ~ ? . t . ~ j  of the engine types are complicated 

functions of the speed and altitude of flight. Suffice it to  s a y  that these power- 

plants furn ish  sufffchent pOt.ie% to  drive aircraft af, ckiperson%c speeds. Much 

research i s  required to improve their e€fkslency, rel.ba billty, alzd limits of 

operation as regards speed ayld altitude. 

The converse of the problem of producicg sutficient thrust is reduction 

of drag" Mere again consbderalik progress has I -mn made. The introduction of 

sweptbaek w h g s  heralds the P W J - ~ O O ~  far  high-spewl aircraft, although all 

airplanes having sweepback do not necessarily travel at supersonic speeds 
\ 

Sweepback is  highly advantageous in tha transonic regbofi. At supersonic 

speeds model. tests indicate abvaEtages for a triangular planform or short 

stubby thin wings. 

The drag can be greatly reduced by reducing the density of the air by 

traveling at high aIt.*!ude, but as is w e l l  k--~o'vvn, high altitude flight introduces 

new problems both for  the human occupa:,t and the ~~uwerplmt. .  A s  the density is 

reduced, a greater and greater volwic of asr must  be forced through the engine 



for combastion, bc 'keep r-kci f i re  i f f "  in, the parlaace of the j e t  pilot. Research 

workers are bus:ly er~gageci w these qu~st ioms,  It is obvious that supersozlc flight 

near the ground w:IJ be extrt-:ncly costly i? fuel, and that ecalv:bomy and efficiency $5- 

to  be obtained by high altitude fl ight.  Herice the  M e r e s t  today iai  deterrnL.ing the 

physical propertics of the aim- at. very h'gh altitudes by means of sou9diag rockets, 

n : c... 

and in reprodueir.tg these conditims ix the laboratory for studying the problems to 

be encountered in high-speed flight. in the upper atmosphere, Professor Fokom 

and his associates here a t  the University of Califcrmia are doing pioneerhg work 

in this field. 

Perhaps the most difficult techrical problems are those relating to control 

acds th~;..I?.fSt&g fowe OT? 

about olre-qwrtcr t he  distance from t h e  leading edge to  the trailing edge; at super- 

SQDBC speeds it acts through a point half the distance from leading to trailing edge. 

wing a,& through a point 

Thus there are sudden changes in the tr im of the airplane in the transonic region. 

There are also chmges In t b e  stabajty, produced partly by t h e  change in the ais- 

flow at the tail produced by the loss of lift, A niwber one research problem is to 

find co&igurations which go through the transonic region with minimum changes 

the flow near the wing at t3ta"fisonljc speeds and that these shock waves are often 

accompanied by flow separation. When th i s  occurs the air flows past the w h g  



- 2 2  "a 

the tail,  t V L l 5  tar: s i u ~ i ~ i u i  e mzy ?e ~ubjected i o  violent irregularly varying loads 

stLEic2eiit to prod\t,r:~: t. u ~ t u r a 7  d ~ m z g e ~  -4 lwowledge of buffeting loads and, if 

possible, ?lLe desig-a of wing sesc J C ~ S  and co;;frgurations which avoid flow separa- 

t i o ~  are necessary 1 o develop 8 ti-craft to f ly  safely in the transonic region. 

'Ytfe c;oafagur~~LLlox whiek seem best for  flight at supersonic speeds - 

usually ss'_aw poor I;;nding chamcteristics Mutt., research is needed on methods 

for irnprovzrig these characteristics by use of suitable flaps or  by methods as yet 

unkraown. 

At. high s p ~ e d s  the loads on the wing:; and tail are large and produce de- 

flections, twisting, ami bending of the structure > These distortions change the 

stsuctuxal desigz. For example, the deflection of the aileron to correct a dis-  

turbance IF. roll. may twist the .r.ring enough to counteract the  desired effect of 

the ailero 1, tl. us iwaeasizzg the  disturbance 

must be solved by kbc d e s i g ~ e s  

Difficult aeroelastic problems 

Ti is well k,'tctil'x that meicors travclhg through the air at high supersocic 
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aircraft or missile the  temperature coubd bs permitted to go somewhat higher but 

ultimztely a point i s  r e x h e d  at whrc.h rnednnical and electrical devices will not 

function 01’ the structn;~ a! propertie? ~f th.e materizls are greatly deteriorated by 

the high temperature Whether or’ not a p‘loted supcrsoa_ic airplane can be flown 

at high supersonic speeds map be determixed by the results of research on methods 

of cooling the cabin and the  structure,  

These technical problems are being attacked by many new and ingenious 

tools, the best kmwn being the wh2d tunnel. The first supersonic experiments 

with which I ax familiar were made 12 1890 in a jet about a quarter of an inch in. 

diameter, the flow lasting about three seconds. Now there are supersonic wind 

tmmne2s 1 f ad  by3 feet h GSOSS swtion inxegular o p w a t k ~  and others 6 feet 

by 6 feet a9d 6 feet by 8 feet approaching completion. Techniques for rneasure- 

me& on objects dropped from aircraft  at high altitudes and on rockets fired 

from the gsowd a t  saapersonic speeds have yielded much valuable information. 

Still another method is to place a model in, t h e  local region of supersomc flow 

on the upper surface of the wing of an_ airplane traveling at high subsonic speeds, 

a method devised by Ms.  Gilruth ~f the NACA. The same technique was applied 

by Lockheed and by the XACA by installing a bump in a subsonic wind tunael. 

So inuclx for the purely tec,hjxical aspects. Why docs acyone wish to travel 

faster than  SOLE^^? Dr.  von Karrrmasa once closed a technical Lecture with this 

question and stated that thc’reply must be left to the philosopher, but all of us 
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but that the primary motive of our nation in devoting large sums of money and 

time to accomplish supersonic fllght is the desire for  national security. The 

domhzmt position of air power as an element in natimal security has been thor- 

oughly demonstrated. Speed has always been that element of performance of an 

aircraft which makes: it possible to control the air. We have been told by our 

military leaders that had Hitler grasped the- significal.zce of the development of 

turbo-jet and rocket -propelled aircraf t  and exploited them, our bomber missions 

could not have continued as then operated over Germany. Al l  of u s  observed the 

inability of England to defend itself against supersonic V-2 missiles, once the 

missiles were launched. Speed is the major characteristic of the fighter and 

e€exwh72 arnnzmerxt of the bomber. 

There now seems to be no technical obstacle which cannot be overcome by re- 

search and the fear  that some other nation may produce faster aircraft which 

could outrun our own aircraft in the sky is the  powerful incentive to desire to 

travel faster than sound. 

Finally as to  why fly faster than sound, I will not have you discount the 

value of speed in commercial air transport when accompanied by safety and 

reliability. It now takes about twelve hours elapsed time to cross  the continent, 

and the trip is very comfortable in modern aircra.xft. Nevertheless, it would be 

still more comfortable if it could be done in three cr four hours. It is easy to 

predict that this will  surely come; it is harder to predict the timing. Over the 

years the spc~d ctE commercial air transport operp-tii 05 has Ingged the air&.ne 
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speed record by 15 or 23 yea2 s. Ezcnce we z:iS~;hl estimate that in 1968 the speed 

of commercial air tran:.iports woa!d be abo:;; 653  ~ ~ p h ,  the IJreseIXt speed record. 

But the jet c ~ g i n e  has i reduced 2 discozti;>\l?itjT, the possWlity of a sharp rise 

in the rate QE dwelopmeni, and haice this performance may come earlier.  There 

arc many o;itimists V ~ I  day dr-c:~~.n about ac-onautical progress without adequate 

technical support for their pred;ctjons axxd there are also more sober and solidly- 

based predictions e The conservative predictlunc have usually been outstripped. 

A s  recently as 1940 ArchibaZd Black, an aviztiai writer, made the following state- 

ment: “It h a s  been estjmatect tkal if it v m  t possible to build an airplane that 

could fly at more than 800 miles per hour, the rocket principle might then be 

pr omLsiI-!g astlc-tr? bfz considered even as  a 

future possibility, although it is a:lwzys dangerous to s a y  of anything in aviation 

that ‘it will never come’.’’ This speed does nut now seem so  far away- Research 

today on speeds faster than sorxd i s  research on the commercial ais trawport 

of the future. 

The achieverner ts of aer nna\;tkal mgiwer ing  have had a stimulating ef- 

fect on other b r a c h e s  of enghc:esk;!, The supersonic age wi l l  influence the 

training of a31 engineers ;?s we!i 21,s cats\_trit~.ii e to developments in nicchmical 

ar,d electrical e!-@meer%P . So!:li i c ~  of t h c  ro:~-iEold p ~ c h l e m s  of supersonic 

flight requires both all Sner e a s i ~ g  s ~ ~ e c i a l i z ~ t ~ o a  of individual engineers and 

improved methods of sy:,thesfz g the efforts of specjalists toward a common 

goal. These 15 need f c i i  c! 3p7c+ .b...,.e?-y rn such diVI’TSC f4clds 



elastic problems, aerothermodynamics, etc. Each of these is a field in which the 

body of knowledge a.nd expcriefice is steadity,growicng and each requires the fu l l  
-~ 

time energy of azryc~ie for its zriasteiy. 

Th.e work of specialists mus t  be irztegrated to an extent not required in 

other :xanehes of erigineering. Engineers in other fields have successfully met 

matching of characteristics of components, securing dimensional agreement of 

mating parts, In mozt of these fields the problems can be broken down readily 

for solutloz, with the coordh.tio3 requzri-.g oaly small  adjustments. h a super- 

sonic aircr~dt or mks i l e ,  each special problem reacts oa all the others to an 

extent demacdhg a rtew type ard highe;. wder  of coordination. For example, 

. such an apparently simple thing as the design of a radar antenna cannot be ade- 

quately treated witl+oiit comideration of 'Fze effects on the aerodynamic charac- 

worked out, betweec niany conflicting requirements. k group of leaders must be 



methods of aaa1ysc;i: of complex problems, atid wbth B certain boldness of venture. 

Aeronaut leal cn,gl~wers ergagcd dn work on guided missiles have learxd  

the great st~.mulus of boldly attempting to de:;ig.a an operating missile. &acting 

that a11 the desired basic research has not been completed, the attempt to s b k  

or swim in @he venture reveals what the lrcy problems really are and i~ conjunc- 

tion with rational mathematical analysis enables the development effort to be con- 

centrated on the real obstacles to progress. I3nginecx-s must be taught to use the 

coordinated experimental and theoretical attack on their problems- to  utilizing the 

skills of specialists, arid to  weigh, balance, and evaluate the data obtained from 

all. Such is the mode of operation of the engineer dn a supersonic age. 

in the case of the atomic bomb, the supersonic age will at first bring fear  to his . 
- 

mind because of its portent for war. Engineers are prone to direct atte2tion to 

the  material benefits cf their creations to the public;, t o  the power of many slaves 

which they have supplied to  do physical labor, to  their contributions to ease and 

eornfort, and they are equally prom to ignore the commoa belief that scientific 

and technical developments appear oftea; to  bring misfortune. The truth, of 

course, i s  that m.aterial. things are neither good nor evil; they maybe used for 

either purpose by good or evil men. The szme chemical compsinzd brings you 

the blessing of clean white shir ts  and the curse of a poisonous gas to be used 

in war. Another gives you broad, paved streets, m h e s  your c o d ,  or  crumbles 

nor a curse. It nzay be either 
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The faster transport of the supersonic age will dissolve barriers of time 

and space and the world wil l  shr ink still more, increasing the pressure for 

solution of macy social, political, and economic problems. When man can o u t s a  

the sur1 and arrive at h is  destination before he leaves, as measured by the sun, 

he must obtain a new perspective of ixkernational and sectional problems. 

The supersonic age will bring a lifting of intellectual horizons as having 

conquered the space and time limitations of this  world, he &- seeks new worlds to 

eozquer. He will begin to  think more seriously about the exploration of the high 

upper atmosphere and to wonder whether the exploration of outer space i s  not 

more than a figment of the human imagination. 

2, 

1 
(. 

But man must not be too impatient. Me h a s  climbed far, The realization 

of his  dreams requires t h e  t ime and effort of many, perhaps even of generations. 

And you and I can only regret  that we cannot linger to see of what stuff these 

dreams are made. 


